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As a result of recent developments in aeronautics and ordnance, 
a need has arisen for tables of properties of the atmosphere at 
altitudes in excess of those covered by the existing standard 
tables (NACA Report No. dl&) . In order to satisfy this need, the 
National Advisory Committee for Aeronautics has adopted three 
temperature -height relationships and one composition-height rela- 
tionship, and tables based upon them have been prepared for perti- 
nent properties of the upper atmosphere (that is, from £0 to 120 kilo 
meters in metric units, and from 65,000 to 393,700 feet in British 
units) . In the absence of direct data, such as mi^t be obtained 
by soundings with hl^-altitude rockets, the values adopted are 
based upon existing information obtained by indirect measurements 
of certain quantities . As a consequence, the tables are only 
tentative • 

Two sets of tables based upon the adopted tentative standard 
specifications for the upper atmosphere are presented. One set of 
two tables is based upon tlie same arbitrary constant value for the 
acceleration of gravity as was used in the preparation of the 
existing standard tables for the lower levels (NACA Report No. 2l8) . 
This set of tables for the upper levels of the atmosphere therefore 
constitutes a consistent extension of the existing standard tables. 
The other set of two tables takes into consideration the decrease 
in the acceleration of gravity with Increasing altitude and there- 
fore is more precise than the first sot. Consequently, this set 
is presented only to satisfy the need for greater accuracy that 
may exist in some fields of research. 

Each table is divided into separate parts for both day and 
night conditions at altitudes above 8o kilometers. The necessity 
for separate tables for day end nl^t values is occas ioned b y the 
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In April 1946 this Panel vas superseded by the Special Subcom- 
mittee on the Upper Atmosphere which was also appointed by the NACA 


j^he membership of^t^e Special Subcommittee is as follows: 

Dr. Harry Wexler, U. S. Weather Bureau, Chairman 

Col. D. N. Yates, Chief, Air Weather Service 

Col. Paul H. Dane, A. C., TSEAC, AAF Air Materiel Command 

Capt. H. T. Orville, USN, Office of Chief of Naval Operations, 

Navy Department . . 

Capt. Walter S. Diehl, USN, Biireau of Aeronautics, Navy 

Department 

''.-Dr. Calvin N. Warfield, Langley Memorial Aeronautical Laboratory 
Dr. E. H. Krause, Naval Research Laboratory 
Dr. W. G. Brombacher, National Bureau of Standards 
Dr. L. V. Berkner, Carnegie Institution of Washington 
Dr. B. Gutenberg, California Institute of Technology- 
Dr. Fred L. Whipple, Harvard Observatory, Harvard University 
Dr. 0. E. Wulf, Gates and Crellin Laboratories, California 

Institute of Technology. 

Mr. Jerome Teplitz, NACA, Secretary. 


This Subcommittee has considered the information available con- 
cerning temperature and composition in the upper a-tmosphere . On 
the basis of existing data obtained by balloons at altitudes up to. 
about 3^ kilometers (references 6 and 7); of indirect measurements 
obtained at greater heights such as those discussed in references 8 
to ll, and of unpublished data resulting from similar indirect 
measurements, recommendations concerning temperature-height and 
compositlon-hei^t relationships were made by the Subcommittee cn 
June 2k, 1946 . The recommendations regarding temperature -hel^t 
relationships cover three arbitrary sets of temperature: (1) tenta 

tlve standard temperatures, (2) probable minimum temperatures, and 
(3) probable maximum tempera -bur es . Also, recommendation was made 
that at this time no tables be prepared for altitudes in excess 
of 120 kilometers because of the uncertainty regarding the validity 
of the data in this region. — 

At a meeting of the executive committee of the National 
Advisory Committee for Aeronautics held on August 15, 19^6, the 
previously mentioned recommendations of the Subcommittee were 
adopted. As a result of the adoption of the recommendations of 
the Subcomaittee, two sets of tables for the upper atmosphere, 
based upon the tentative standard temperatures, have been prepared 
at the Langley Laboratory of the NACA. 

The first set of tables provides a consistent extension of 
the present standard tables for the lower levels of the atmosphere 
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(reference 1) because the same simplifying assumption of an arbi- 
trary constant value for the acceleration of gravity is made tn 
both cases. Because of this consistency witli the present standard 
atmosphere tables, and in consideration of the fact that the 
present standard tables (reference 1) are videly uSed in evaluating 
performance characteristics of aircraft and for design purposes, 
it appears that this first set of tables may also be found useful 
in those same fields of aeronautical engineering. In addition, in 
order to be consistent with present practice in the use of tho 
terms "pressure altitude" and "density altitude" (reference 15) 
it appears that it may be proper to use the term "tentative pres- 
sure altitude" to designate that altitude in this first set of 
tables which corresponds to a specified ambient-air pressure. 
Likewise, the term "tentative density altitude" canconsistently 
be used with this set' of tables in connection with ambient-air 
densities . 

The second set of tables is more precise than the first 
because it takes into consideration the decrease in the accelera- 
tion of gravity with increasing altitude. : This sot is intended 
primarily for use in connection with resear-ch on the properties 
of the upper atmosphere. Values of still ^eater computational 
precision than those listed in this second set may bo obtained by 
means of "latitude correction factors" which have been computed 
and tabulated in another table. . 

These two sets of tables for the upper atmosphere consist of 
two tables each, oho in the metric system of units and the other 
in the British system of unite. The altitude range covered is 
from 20 kilometers and 65,000 feet, respectively, to 120 kilo- 
meters and its British equivalent of about 393^700 feet. In addi- 
tion to those quantities reported in references Lto 5> there is 
Included tho mean free path of the air moleculos. This quantity 
has been added because of its significance at hi^ altitudes whore 
the molecular mean free paths may be comparable to or larger than 
certain dimensions of the aircraft or missiles that may be flown 
there . 


Acknowledgement is gratefully given for the .contributions 
made by Dr. R. G. Stone, of the AAF Weather Service, who supplied 
valuable data concerning maximum and minimum tenperatures ovor tho 
entire world to altitudes of 32 kilometers, and for the thorough 
technical review and excellent suggestions offered by 
Mr. L. P. Harrison of the U. S. Weather Bureau. 
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SYMBOLS 


a 

c 

"c 

S 

h 

K 

L 

M 

m 

N 

P 

E 

r 

T 

t 

V 

V 

7 


speed of sound 

jjiost provable molecu3^r speed 
average molecular speed 
acceleration of gravity 
altitude 


volume gradient of oxygen dissociation 



temperature gradient ( — 

\Ah 

molecular weigjat 
mass of a molecule 
number of molecules per unit voliame 
pressure 

universal gas constant 
radius of the earth 
absolute temperature 
temperature 

volvime of molecular oxygen in an initial unit volume of 
normal air, at the same temperature and pressure 

specific wei^t (gp) 

ratio of specific heats 
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\ mean free path of molecules 

|i coefficient of viscosity 

u kinematic vlsccsity (ti/p) 

p density (mass per unit volume) 

a molecular diameter j also density ratio 

a average molecular diameter 

The following subscripts are used to refer to 
tions : 

0 sea level 

1 lower level ' 

a top of I'sgion of dissociation, where osygen is all atomic 

A base of region with constant temperature and constant 

composition * ; 

B base of region with constant temperature gi’adlent and 

constant composition 

C base of region with constant temperature and constant volume 

gradient of dissociation 

D base of region with constant temperature "i^adlent and 

constant volume gradient of dissociation 

g acceleration of gravity variable 

m base of region of dissociation, where oxygen is all molecular 

n nitrogen molecules 

N non-oxygen (i- e-, all constituents other than oxygen) 

o oxygen 

air mixture of molecules in atmosphere : 


(P/Po) 

the indicated condi- 


latitude 
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ADOi™ SPECIFICATIONS FOR THE UPPER ATMOSPIERS 
Tentative Teni>eratures 


Three sets of tentative teiig;>erature-heleJit relationships 
have teen adopted. One set gives tentative standard temperatures 
and the other two list values of the prbhahle minimum aiid the 
prohahle maximum ten5)eratures for the entire world. These three 
sets of temperatures which were originally reconmended "by the 
Suhcommlttee on the Upper Atmosphere are given hy linear varia- 
tions with altitude between the points specified in the following 
tabulation of temperatures. 


TEMPERATURES 


Altitude 

(km) 

Probable 

minimum 

(°K) 

(a) 

Tentative 

standard 

(°K) 

Probable 

maximum 

(°K) 

(a) 

0 

225 

J288 

3 S 0 

10.76923 


^218 

- 

11 



25c 

17 

180 



20 


"*^218 


25 - 



255 

32 


218 


h 

200 


380 

50 


350 


55 

300 



60 


350 


70 



380 

78 


240 


So 

170 


300 

83 


240 


120 

300 

375 

600 


®The values of ambient air temperatiire listed in these two 
columns are not intended to represent extreme values 
for the entire world, and for all time, but rather 
values that bracket the temperatures over nearly all 
the earth most all the time. 

These values are standard, and have been used previously 
In references 1, 3, 4 , and 5. - - _ . _ 

These temperature-altitude relationships are also shown in figure 1 
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Tentative Composition 

The tentative cosg^osltion used in coi)5)uting the tables was 
arrived at by taking into consideration the fact that, at altitudes 
below 80 kilometers in the day time and below IO5 kilometers at 
night, the generally accepted varia'clons in chemical oonipoeitlon 
are too snail to affect appreciably the congjuted pressures and 
densities. However, it is believed that at levels above- those 
Just specified significant changes in coniposltion result from the 
dissociation of ozygon molecules by^ solar radiation. It- is further' 
more known tiiat the presence of water vapor in the atmosphere does 
not appreciably affect pressures and densities. As a result of 
such considerations, and in the interest~of simplicity, the 
following tentative specifications for composition of the upper 
atmosphere were recommended by the Subcommittee and have been 
adopted for the purposes of computing the values in these tables: 

(1) For day time, the dissociation of oxygen is such as to 
produce a linear volume gradient from all -molecular oxygen at 
60 kilometers to all-atomic oxygen at 100 kilometers. Fxcept for 
oxygen dissociation, the composition is the same as that at sea 
level. 

(?) For night time, the dissociation of oxygen is such as to 
produce a linear volume gradient from all-molecular oxygen at 
105 kilometers to all-atomic oxygen at 120 kilometers. ISxcept-for 
oxygen dissociation the composition is the same as that at sea 
level. 

(3) At altitudes below the regions of oxygen dissociation 
the composition is the seme as that at sea level. 

(4) At altitudes above the regions in which both molecular 
and atomic oxygen exist, as stipulated in (1) ®nd (2), and up to 
at least 120 kilometers, the composition is the same as that at 
sea level, except for oxygen which is in the atomic rather than in 
the molecular form. 

The variation with altitude of the specified molecular oxygon 
content- of the atmospheres is graphically portrayed in figure 2 . 

PHySICAl REIATIONSHXPS 
Basic Equations; 

In addition to the specifications for temperature and com- 
position already listed, certain other assiamptlans are made and 



V 


NACA TN. No. 1200. 


9 


serve as tke "baels for deriving the various equations used in 
computing the properties of the upper atmosphere t Tliese additional 
assun 5 )tions are: 

(a) The air is dry 

(h) The air "behaves as a perfect gas and hence obeys the 
general gas law which may he written 


p p ^0 M 

^0 “ ^0 “o 


( 1 ) 


(c) The air is at rest with respect to the earth and hence 
obeys the basic law for fluid statics 

dp =» -gp dh ' (2) 

By means of equations (l) and (2) and equations representing 
the adopted specifications for tengierat''-ire and composition, 
relationships may be deduced between- pressure and height. The 
equations representing the adopted specifications are 

T = Tj^ + L(h - (3) 

where L is the temperature gradient dl/Ah, and 

ii. I (4) 

Mo l-K(h-h^) 


where K is the volume gradient of osygen dissociation Av/Ah. The 
derivation of equation (4) is given in appendix A* 


In additicai to the three assumptions just listed, it is 
necessary to make an assvcn^jtion concerning the value of the accelera- 
tion of gravity. For the purpose of furnishing tables for the upper 
atmosphere that will be consistent with the present staidard tables 
for the lower atmosphere (reference 1), it is necessary to make the 
same assumption concerning the acceleration of gravity as was used 
in preparing the standard tables. This assumption is 

(d) For the tables based on a constant value of g the 
acceleration of gravity at all altitudes is the 
standard sea-level value; that is. 


e “ So 


(5) 
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For those ins-bancea In -which closer conformi-by bo acbual conditions 
is required than is inherent in these tables it is necessary to 
make another assun^ition concerning the value of the acceleration of 
gravity. This assumption is 

(e) For tables based on a variabBs value of g the accelera- 
tion of gravity varies Inversely as -the square ef the 
distance from the center of the ear-bh; that is. 


g = 



(6) 


PresBure-flol^t Eelationships 

By use of the foregoing basic equations and assuuiptlcgia, other 
equations are derived which rela-be pressure to altitude, "^ivo sets 
of equations are used, one set based on- a constant value of g as 
specified in assumption (d) , the other set based on the -variation 
of g that is specified in assumption (e) . The deductions for the 
first set are Indicated in appendix B and for the secondl set in 
appendix C . The. equations that are based on a constant value of g 
are as 'follows: 

For combination A (constant temperature and constant composition) : 

log^ V C^(h - h^) (7) 


where 


r ^^0 ^ M 
Po T’Mo 

For combination B (constant tenperature gradient cons-tant 
conposition) : 


( 8 ) 


log 




(9) 


Cg = _ 


VqL % 


(!•) 


where 



V 
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For combination C (constant temperature and constant volume gradient 
of dissociation) : 



= Cq log 



( 11 ) 


where 


“ ■ ~PoEl 


( 12 ) 


For combination D (constant tasperature gradient and constant volume 
gradient of dissociation) : 


(a) ' 




( 13 ) 


■where 




m 


The equations derived in appendix C, based on a -variable value of g, 
are more coB 5 >lex than those listed in the foregoing end consequehtlj' 
they are not reproduced here . 


Speed of Sound 


The 
level is 


speed of so\ind at any altitude relative to that at sea 
computed by the equation 


_a_ , r>™o 


( 15 ) 


■where the ratio of the specific heats 7, as derived in appendix A, is 


7 1285:(h - hm) 

7o - ^ “ 21Mo 


(16) 
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Tlje Tarlation vith altitiid® of the ratio of specific heats 7 
for the specified atmosphere is shown in, figure 3(^) • 


Coefficient of Tlscoslty 

Sutherland's equation for the variation of the coefficient of 
viscosity with te2jq3erature la used. It is 



in which, according to referonca l6, 

3 « 120 


when the T'a are In °K, and 

8 = 2l6 ' 

when the T'a are In ®T ahsoluto . 

A caution concerning the use of values obtained freon 
equation ( 17 ) for the upper atmosphere is given in the secticn 
entitled '’Discussion of Tables." 


Molecular Kean Free Path 


The ratio of the molecular mean free path at any altitude to 
the corresponding value at sea level is computed by 


^0 P^oSo 


( 13 ) 


This equation is Justified in appendix D. 


BASIC CONSTANTS 


In the preceding section equations are given by means of which 
several properties of the upper atmosphere are coDi)uted. These 
computations Involve numerical V8.1uea of the several properties 
at sea level. Appendix E discusses the chosen sea- level values for 
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each of several properties of the atmosphere and they are listed in 
table I in both metric and British engineering syateme of units. 
Yalues are listed for each of the three specified atmospheres and 
in some instances the quantity is eapiressed in more than one unit 
in either the metric or British system. 

The values listed in table I for the standard atmosphere at 
sea level are identical vith those used in references 1 and 5 
except in a few instances . The exceptions are noted and explained 
in appendix E . . 


DISCU^ION OF TABIES 


The appropriate equation (equation (9) ^ (H) or (13) for 

the constant value of g, or (C3), (c 6 ), (CIO) or (CI 3 ) for the 
variable values of g) is used to compute the ratio of the 
pressure p at any height to the pressure at the base of the 
region to which that particular equation applies. These pressure 
ratios for each of the regions are then used to compute the raWo 
of the pressure p to the pressure Pq at sea level. These ratios’ 
p/p^ are given In tables II to Y- 

By use of the computed values of the pressure ratios p/Pq 
and of the sea-level value of pressure Pq as given in table I, 

the value of the pressure p is computed and then given in 
tables II to Y. The pressures given in tables IV and Y are 
also plotted against altitude in figure 3 (b) . 

The remaining q-uantities given in tables H to V are 
similarly con 5 >uted by means of the appropriate eqiM.tlon and the 
corresponding sea-level value given in table I. The values for 
these remaining quantities given in tables IT and Y are also 
ehowi plotted against altitude in figures 3 (c) to 3 (h) , 

Attention is directed to the fact that all tables in this 
report are based on the engineering system (sometimes referred 
to as the gravitational system) in which the fundamental quantities 
are length, force, and time. The standard units for force used 
herein are, therefore, pounds for the British system end kilograms 
for the metric system. 
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Accuracy of CoiaputeA TalLles II to V 

In tables II to V all Quantities except the mean free paths 
of the molecules are tabulated to four significant' figures, and 
the mean free paths of the molecules arer tabulated to tliree eignifi- 
cant figures- All computations for table II vere carried throu^ 
to six signifinant figures aad consequently the values given in 
this table are believed to be exact. 

Most of the values for table IV were obtained from table II by 
use of suitable conversion factors evaluated by a graphical method 
described in appendix C. The errors resulting from the method, and 
therefore the errors In the values tabulated in table IV are believed — 
not to exceed 0.01 of 1 percent. 

A method of graphical interpolation was applied to obtain from 
tables II and IV the values for use at the intermediate levels 
tabulated in tables III and V . The accuracy of this method is such 
as to introduce an error of not over one “twentieth of 1 percent in 
the values listed, in tables III and V . Consequently, whenever a 
disci’epancy exists between the metric and British values, the 
metric values should govern. 


Validity of Tabulated Values at the Higher Altitudes 

Pressure, density, specific weight, and mean free path of 
molecules . - As was previously mentioned, the computations for 
tables ir and III are based on a constant value for the accelera- 
tion of gravity g so that the values listed would bo consistent 
with those appearing in the present standard tables for the lower 
levels of the atmosphere (reference 1) . The errors in the computed 
values of pressure, density, specific weij^t and mean free path 
inherent in the assumption of a constan-l^va luo for the acceleration 
of gravity become progressively greater with increasing altitude, 
being about 30 percent at 120 kilometers. However, a variation 
of 30 percent in pressure at 120 kilometers corresponds to a 
variation of less than 4 percent in altitude at this level, and 
at lower levels the change in altitude correepohdlng to the error 
in pressure rapidly approaches zero. It Is apparent therefore 
that in at least some applications the values in tables II and III 
will be adequate and therefore useful. Furthermoro, they represent 
an extension of the present standard tables (reference 1) . 

In order to satisfy the need that may exist for values that 
are not affected by the use of a constant value for the accelore- 
tlon of gravity g, tables IV and V are presented- In these 
tables g is assumed to vary inver.aely as the square of the 
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distance from the center of the 'earth. 'This assumption therefore 
takes into consideration the variation due to- gi-avitatipnal attrac- 
tion, hut It does not allow for. the effect of "centrifugal force. 

T-he centrifugal force due to the rotation of the earth is known to 
be only a small fraction of 1 percent of the gravitational force 
at an altitude of 120 kilometers, and conseq.uently this omission 
does not result in a significant error. . . 

The s-tandard value used for the acceleration of gravity at 
sea level (and at all altitudda for tables. II and III) is 
9.80665 meters per second per second. This value cca’reeponds 
rather closely to the true acceleration of gravity at sea level 
at latitude k5^., (More specifically, it corresponds to the theo- 
retical acceleration of gravity at sea level and at latitude 45° ' 

according to the International formula. See reference 17>) If 
still greater accuracy than is inherent in tables ]W and V is 
required at latitudes far displaced from latitude 45°, an estimate 
of the latitude effect upon pressure and density may be obtained 
by use of the equation 


log 




% 


P_ 

PO 


(19) 


is the pressure at altitude h and at latitude 0, 

is the acceleration of gravity at sea level and at lati- 

A similar equation (replacing p’s with p's) applies 
to densities . 

By means of equation (19) it can be shown that a latitude 
correction factor (L.C.F.) defined by 


whore p^ 
and 
tude 



L.C.F. 



( 20 ) 


can be computed by 
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■ If values of qq . from reference 17 are used, the following 


values for .the exponent 


(80s? ■ 


are obtained': 


Latitude 

(deg) 

‘ 

■ So^ ' So . 
-So 

Latitude 

(deg) 

00^ * So. 
60 

,■0 

-2 '.66753 X 10 

50 ■ 

0.42175 X lO'^ 

■ 10 ■ 

' ■ -2.50922 

60 

1.28372 

£0 ■ ' 

-2.05299 

70 

1.93732 

30 

-1.35337 

6o 

2.44701 • 

ko 

■ -0.49405- 

90 

2.60670 


The foregoing exponents when applied to the values of pre’ssure 
ratio P^Pq tabulated in tables IV and V give the values of the 

latitude coi-rection factor described by equations ('20) and ('ll) • 

For latitudes at increments .of 10°, and for altitudes at increments 
of 10 kilometers the latitude correction factors that are applicable 
to the pressures given in tables IV and V have been computed and 
are presented in table VI. By means of table VI it is therefore 
possible to obtain computed values of pressure ■which take into 
consideration the -variation with la-bltude of* the sea -level value 
of- the acceleration of gra.vi'by g^.. 'This ccmputation may be, made 
by use of equation (tO) which may be ■written p^ = (L.C.F.)p., 


Coefficient of viscoelty and kinematic viscosity . - The 
Sutherland- formula (equation (ij)) Is strictly ■ applicable only to 
a gas of constant composition and to pressures. ..which are not too.- . 
small, and consequently the tabulated values for the coefficient' 
of viscosity and for the kinematic viscosl'ty are obviously not 
entirely reliable at the higher altitudes. However, the lack of — 
data on the viscosity of oxygen . In the atomic form does not permit 
at this time an estimation of the correction that is needed to 
allow for tho specified dissociation. Furthermore, because of tho 
fact that the effective value of the viscosity of a gas at very low 
pressure flow.'lng over a body depends on the size and shape of the 
body, it is not practical to give a correction that will bo 
applicable to more than one specific size, and shape of a body. The 
values for viscosity at the higher altitudes should therefore be 
used wi'bh caution. ' - - 


Spaod of sound . - The tabulated values for the speed of sound 
ore believed to be correct for all altitudes covered by the tab.les. 
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Caution should "be exercised, however. In using the tabulated values 
for the upper altitudes In connection with Mach numbers because at 
high altitudes where the mean free paths of the air molecules are 
large in comparison with the dimensions of the body moving throu^ 
them, the laws of fluid dynamics do not apply and the laws’ of 
particle dynamics must be used. "When aerodynamic forces, for 
example, are computed for these conditions by use of the laws of 
particle dynamics the most probable speed of the air molecules is 
found to be the basic quantity rather than the speed of sound. 

As in the case of viscosity, the altitude range in which the 
most probable spaed of the air molecules replaces the speed of 
sound as the basic quantity depends upon the size of the body 
under consideration. It is consequently not possible to specify a 
single level at which the molecular speed becomes significant in 
aerodynamics. For this reason values for the speed of sound are 
listed to 120 kilometers . 

In any case in which the most probable speed of the air 
molecules c is needed rather than the velocity of sound a it 
is possible to obtain the value of c from the value of a listed 
in the tables by use of the appropriate factor obtained from the 
following tabulation; 




Eatio of the most probable molectilar 

Altitude . h 


c 

2 



spo<pd to the speed of sound, “ ~ 

7 

(m) 

(ft) 

Eay 

Night 

8o,ooo 

262,267 

1.195 

1.195 


85,000 

278,871 

1.189 

1.195 


90,000 

295,275 

1.183 

1.195 


95,000 

311,679 

1.176 

1.195 


100,000 

328,083 

1.170 

1.195 


105,000 

342, 287 

1.170 

1.195 


110,000 

360,892 

1.170 



115,000 

377,296 

1.170 

1.179 


120,000 

393,700 

1.170 

1.170 



CONCLUDING EEMARKS 


The fact should be emphasized that the values given in the 
tables for the upper atmosphere are only tentative and as such may 
become obsolete after a sufficient number of reliable direct 
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measurements of certain quantities have heon mads available. In 
the meantime these tentative tables should be useful not only in 
serving as a basis for- comparing performance characteristics and 
estimating, limiting values of, performance, but also in securing the 
additional data needed for revising these tentative tables for* the 
upper atmosphere . - 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., December 6, 19h6 
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. - APPENDIX A 

TAEIATION WITH ALTITDDE OF MOTECULAS WEIGHT 
AND RATIO OF SPECIFIC HEATS 
Molecular Weight in the Region ol“ Oxygen Dissociation 


Consider an initial unit volume of normal air oon?)osed only of 
molecular gases, consisting of oxygen and other constituents. Let 
all the non-oxygen constituents "be filatomic of average molecular 
vei^t Mjjf, and let the molecular veight of oxygen in the molecular 

form he and in the atonio form Then 

(Al) 

Let the initial conditions he as follows; 

Vq volume of all-moleculair oxygen at hei^t h^ 

1 - vq volume of non-oxygen oontponents at hei^t hjjj^ 

Mq average mtolecular wei^t of the initial air mixture at 

height 

Then 

^0 " (3. - Vo)l% (A2) 


At height h, between hjjj^ and hg^ (where bm is height at 
hase of region in which dissociation occurs, and hg_ is height at 

top of the region, and where all the oxygen is in the atomic form) 
the volume of molecular oxygen per unit initial volume of 

normal air is 


= 



(A3) 


and the volume of atomic oxygen Vg^ per \mit initial volume of 
normal air is 


2vr, 


\^a “ KI 


(Ak) 
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^0 


Therefore, the average molecular vrel^it M of the atmosphere 
at helglit h can ho shown to he 


M — 
1 


Mq 

E:(h - h^) 


(A5) 


where 


K => 




(a6) 


the volume gradient of molecular oxygen, Av/dh. 


Ratio of Specific Heats in the Region 
of Oxygen Dissociation 

The ratio of specific heats y for diatomic gases is taJeen 
to he 7/5 and for monatomic gases, 5/3 • If the ratio of the specific 
heats 7 for the atmosphere is assumed io he. given hy a wlghted 
average, according to relative masses, of the values of 7 for 
diatomic and monatomic gessa, it can he shown, hy using equations (A1) , 
(AS) , (A3) , and (Ah) that for tiiose regions of the atmosphere in . 
which dissociation of.oxj''gon occurs 


7 



/ ~ hja \ 

1^0/ \ha " hjn/ 


(A7) 


The standard value for 7 q, for the atmosphere at sea level, 
is 7/5, and for the atandari value la 32. Therefore 


7 _ , h2Qs:(h - hn) 
7o 


(A8) 


It is estimated that in the tentative standard atmosphere the 
variation of 7 due to pressure and tempei’ature effects is only 
about 0.6 of 1 percent. For this reason the effect of preesinre end 
temperature upon 7 is ignored in computing these tentative tables. 
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APPENDIX B 

TAEIATION OF PKESSUHE WITH ALTITUDE (ASSUMING THE 
ACCEEEEATION OF GRAVITY IS A CONSTANT Sq) 


The equations relating atmospheric pressure to hel^t for all 
altitude ranges in all three atmospheres (minimum, standard, and 
mEiximum tempera tui’es) are only four in numher. These four equations 
represent all possible combinations of the two types of tenqperature- 
height ■>:«lationship and the two types of composition-height 
relationship. The deductions of the equations are based upon the 
familnar hydrostatic relation 


= - BqO <3.h 


(Bl) 


and upon the general gas equation 


_p_ ^ M ^ 

PQ “ Pq ^ 

These two equations, when combined, give 

dp _ gpPp'Po^ ^ 

p " " PqTMo 


(B2) 


(B3) 


The differential equation (B3) is then used for deriving algebraic 
equations for pressure as a function of altitude, for each of the 
four combinations of tenperature -height and composition-height 
relationships previously discussed. The derivations are indicated 
in the followi.ng paragraphs and the resulting equations are used 
in the preparation of tables H and III. : ‘ 

Combination A (constant teiqperature and constant composition) 
The type of atmosphere in which both the temperature and conipoaition 
are constant may be represented algebraically by 


T = Constant 


and 


M = Constant 



L2 
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Eque.tion (B-3) when Integrated "batyeen the l±m3.ts of height hj^ and 
hel^t h then 'becoinoe,. 



-SqPqTqM 

PqTMo 


(h - hA) 


m 


vrhere hA is the "base of the region In, which type A conditions 
prevail. - 

Coiabinstion 3 (constant temperature' gradient a3K3 conste.n’*- 
composition) Por the type of atmosphere having a constant tempera- 
ture gradient and constant coD^osltton, let the temperature gradient 
he represented ty 


L = Constant « ^ (B5) 

and the temperature hy 

T = + L(h - bg) (B6) 

where Tg and hg are the respective values at the hase of the 

region to which comhination B conditions prevail. Also M = Constant. 
Eqixatlon (B5) then "becomes 


i?. = / dh 

P Pp% J %-+ L(h 


(B7) 


and when integrated between the limits of Ite and h this equation 
becomes 



epPo'^pM 

poiHc 



(B8) 


Combination C (constant temp erature and constant volume 
gradient of dissociation) In the type of atmosphere whore both 
the temperature and volume gradient of dissociation are constant 


T * Constant 
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and an ea^jresBion for M ae a function of . h is derived In 
appendix A, and It la found to te 


M = 


1 - E(h - hja) 


(B9) 


vhere K is the volume gradient of mclecular oxygen defined hy 


Av 

K * 2]^ ®> Constant 


(510) 


XJsing these relationships with eq,uatlon (B3) gives 


dp ^ fipPcv^O 

^ PoT[i . Efh - hj 


(Bll) 


lategratisag equation (Bll) hetween the limits of hg and fc, 
where h^ is the hei^t at the "base of the region in ■which type C 
conditioriS pre-mil, gives 



gQPo^O 

PqTE 



(B12) 


Carabination B (canstant temperature grad-lent and conatan-b^ v -^ luge 
gradient of dig^c c lation) »- The type of atroccphere having both the 
tempera bure grodient arid the volume gradient of dlBSoclation constant 
is rei'eii’ed to as ccsihination D. ?or this combination, 'tHe~~expreB- 
sion f-rr Tsolecuiar weight given in equation and an appropriate 

nodifloaticn of equation (b 6) give, for equation (B3), the following 
equation: 


^ 8qP#o <^l 

P Po|l - K(h - hj^^ [T35 + L(h - hjj)J 


0 F) 13 ) 
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Integrating the variable part of the right-hand member, between the 
limits of hj) and h, gives 


1 

(1 + Khm)l- + (Tp - 


log 


II) -f L(h - bp) 
1 ~ K(h . 


h 


Therefore 


log 



-•6oPoTo% I tM \ 

“ PofMoL VW 


(Blk) 
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APTEHDIX C 

VARIATION OF PRESSURE WITH AliTITUDE (ASSUMIBG THE ACCELERATION 
OF GEAVUY varies inversely as the SQUARE OF THE 
DISTANCE FROM THE CENTER OF THE EARTH) 


The equations relating pressure and altitude derived herein 
are hased upon the general differential equation derived from 
equation (B2) of appendix B, from the hydrostatic relation 

dp » -gp dh (Cl) 


and from the equation representing the inverse square variation of 
the acceleration of gravity 



(C2) 


This general differential equation is 

^ « -gQpQ^C^^ dh 
P Pol%(r + h>2 


(C3) 


As in appendix B four equations are deduced for use in each of 
the four possible combinations of specified temperature -altitude and 
composition-altitude relationships. The resulting algebraic equations 
are used in the preparation of tables 17 and V. The deductions 
for each combination are indicated in the following paragraphs* 

Combination A (constant temperature and constant composition) 

For combination A (constant temperature and constant pressure) the 
algebraic equation relating pressure and altitude is. obtained by 
integrating equation (C3) betwe«a the limits of altitude h. and h. 
The result is * 



-SbPQ^O^ 

PqT^j (r + h) (r + h^) 


(Ch) 
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(Not^ that in this eqiiatlon and succeeding equations the subscript g 
is used to indicate- values computed, with the variation in the 
acceleration of gravity that is specified by equation (C2) .) 

Combination B (constant teagjerature gradient and constant 
composition) For ookbinatlo'n B (conatent temperature gradient and 
constant composition) the differential equation is obtained by 
substituting in equation (C3) the value for T given by 

T =. Tb + 

The differential equation is then 


P 


-gOPoToMr dh 


PoMq[% + Uh - hB) 1 (r + h)‘ 


(C 6 ) 


The algebraic eq^^ation obtained by integrating equation (C 6 ) betveen 
the appropriate limits is 




r(h - hg) 

+ h) (r + 1 ^) 


+ 


rL 

rL + bgL - T 5 


(r + h)TB 
(r + hj,)T 


(07) 


where 


Cb 


goPoToM 


8 




(CB) 


Ccaribination C (constant temperature and constant volvone gradient 
of dissociation) For combination C (constant temperature and constant 
volume gradient of dissociation) the differential equation is obtained 
by substituting in equation (C 3 ) the value of M given by 
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The differential eqiiation is then 


^ ^ -gQPo'To^^ ^ 

^ Pot|i - K(h - hm[| (r + h)^ 


The algebraic equation obtained by integrating equation (CIO) 
between appropriate limits is 


log, 




eVPc 




'e 


K + 


_E . M(r + h) 

1 + KhQ l°Se Mo(r + b^) 


r(hc - h) I 

(r + h) (r + h^j)| 


(CU) 


where 



'SqPo^O 


PqTK 


X + KIiq 


(C12) 


■ ■ Combination D (constant temperature gradient and constant volume 
gradient of dissociation) For combination D (constant temperature 
gradient apd constapt :To.lume gradient of dlspociaticm) the differential 
eqviatlon is obtained by substitutiiig in equation (C 3 ) the values 
of T and M given by a slightly modified form of equation (C5) 
and by equation (C9) , respectively, .The resulting differential 
equation is then - • ■ • - — ■ ' — 


^ ^ -epPoTpr^ dh 


(CI3) 


The algebraic . equation obtained by integrating eqmtiop. (CI 3 ) 
between ajppropriate. liM..te’ia :y 



^ a(h - hp) 

■'^S (1 + sh) (1 + 2 ± 5 )) 


b - 

+ ^ lo 8 e 


( 1 -t ^ 

\ 1 + thjil 


+ 




loge 


/l + zh \ 

\^1 + zbi)/ 


(Clk) 
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* Pq(Td - Uid) (1 + 2hm) 
x = i 

r 

a I- 

^ “ (Td - lhi>) 

• -K 

Z = -7-> r- 

(1 + Ichaj) 

xg(x2 + yz - yx '- zx) 
(z - x)^(y - x)® 

^ _ xCayz - xy - Xg) 

X ” / n2/ >P. 

(z - x) (y-* x) _ : 

0 _ -r^-' ■ 

y (y - x)^(z - y) 

d _ z2 

, ^ “ (z - x)2(z - y) 


(Cl?) 


E(luations (C4) , (C7), (C 11)^ and (Cli»-) were used to confute the 
pressure ratios at the transition levels only in the tentative 
standard atmosphere. By dividing these pressure ratios hy.the 
pressure ratios at the same transition levels obtained by use of 
the equations in appendix B based, on a cc^tant mluo for the 
acceleration of gravity, a conversion factor was obtained for 
each of the several transition altitudes.- Since it was iB 5 >mctlcal 
to use these complex equations for directly commuting the pressure 
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ratios at all the levels recorded in tables rv eixd 7, the 
values at these ntuneroua inteircediate levels were arrived at as 
follows : 

(l) For each altitude a value for the conversion factor 
was computed by algebraic sinnmation from the eq,uation 


where Pg is the pressure based on the variable value of g, 

and p is the pressure baaed on a constant value for the accelera- 
tion of gravity. In equation (Cl6) the proper value of g, 
and of M was substituted for each region of the atmosphere, 
according to equation (C2) , (C5), and (C9), respectively . 

(2) The values of Pg/p so coaputed. were plotted against 

altitude to define the shape of the curve relating pressure ratios 
to altitude. 

( 3 ) The accurate values for the pressure ratio computed by 
equations (C4) . (C ?) , (Cll), and (Cl4) and by equations (Bk) , (b8) , 
(BI 2 ), and (B 114 -) were also plotted and another curve was drawn 
throu^ these points representing the accurately computed latios 
and faired according to the curve drawn throu^ the points obtained 
by use of equation (Cl6) . 

(4) The curve arrived at from step ( 3 ) was tiden used to obtain 
conversion factors for each of the altitudes recorded in 

tables IV and V- 
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APPEN3)IX D 

MOIECUIAE MEAN PATHS 

Ratio of the Mean Free Paths of Molecules 


The conventional equation for the mean free path of the 
molecules X of a igas (reference iQ is 


X = 


1 

Jt \T2 


(Dl) 


Therefore the ratio of the moan free path at any altitude to the 
value at aoa level is 


But 


X % 

x^ " T tev 


(D2) 


Rn = p (D3) 

and 

gp = ^ (Dll.) 

Therefore 


^ a L -S. 

N " P Tq £?q 


(D5) 


and 


^ fo _g 
^0 “ P "l^O Co xa/ 


(d6) 
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For all constituents of the atmosphere except oxygen in the region 
of dissociation, 

0- = Cq 

In the absence of available data on the diameter of atoms of oxygen 
relative to that of molecular oxygen, and in consideration of the 
fact that the small difference in these two diameters of oxygen has 
an even srna.il.ler effect upon the average diameter of all atmospheric 
constituents, and for reasons of simplicity it is herein assumed - 
for oxygen also that a = Cq. For the puipose of corrputing these 

tables therefore equation (d 6) is siJJ^lified to 

Furthermore, in those computations that are based on a constant 
value for the acceleration of gravity 

e So 

whence equation (D?) is further siBg)lified to 


it. = 3 . 

^0 P ^0 So 


iL a ^ X 
>^0 “ P ^0 


(D8) 


Mean Free Paths of Molecules at Sea level 

The values of the mean free path of the molecules at sea level 
given in table. I _ are _ for nitrogen en<Loxygen molecules in a normal, 
atmospheric mixture of nitrogen and oxygen. These mean free paths 
are designated arid respecti veily . A weighted average of 

the foregoing mean free paths, based upon the relative volumes of 
r^tyogen and oxygen in air is also Included and is designated >^air* 

The mean free path of the nitrogen molecules in the atmosphere 
at sea level was computed by the following formu.la (p. 99 of 
reference l8) : 


’n 


K Nil Nj^cr + «NoO^- 


— 2 — 2 
°n + °o 


'n 
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■where 

Nji number of nitrogcra- molecsulee per imit Tolume of air 
Nq number of oxygen ooleculeo per unit volume of air 
diameter of nitrogen moleculsa 
<Tq diameter of oxygen molecules 

W average diameter of nitrogen end oxygen moleculea 

average speed of nitrogen moleoulos 

avera^ speed of oxygen molecules 

Similarly, the mean free path of the oxygen molecules at sea level 
vas ooB 5 >uted by 


»-(§ Vo® ♦ 


(I>9) 


The values for the average speeds 
the formula T * vi^P- . The values for 


^ and vere obtained from 


o vere taken from 
Values of and W, 


appendix HI, column %■, of reference l8. Values of 

the number of molecules of nitrogen and oxyg^, respectively, per 
unit volume vere calculated from the Xosohmidt nuniber and the 
relative volmiie of the nitrogen and oxygen in air at sea level. 
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APPENDIX E - 

VAHIES OF CERTAIN CONSTANTS 
Tentative Standard Atmoephore at Sea level 


The standard sea-level values for various properties of the 
atmosphere have been listed in reference 1^ and sea-level values 
for certain other properties ane listedin reference 5 • Most of 
these previously listed values are adopted for use in con5)uting 
the tables herein, but a fev changes have been made. The changes 
are as follows ; 

Speed of sound .- The values for the speed of sotind have been 
altered slightly to avoid the discrepancy which existed between the 
values previously listed and the values coinputed by the conventional 
equation - ■ ^ 


^0 



ypPp 

PO 


(El) 


The values for aQ listed in table I are computed according to 
equation (El) by using the appropriate values for_ Pq, and Pq 

that are also listed in table I. 

Density .- The values for density in the British engineering 
system has been, changed from 0 . 002375 - to 0.0023779 slugs per cubic 
foot to avpid discrepancies resulting when congputatlons are based 
either on the standardized value for specific weight, 1.225'? kilo- 
grams per cubic meter (reference l) , or on the derived value for 
density . 

Molecular mean free paths and molecular weight .- In addition 
to the various quantities previously given in references 1 and 5^ the 
present paper lists molecular mean free paths and. the average 
molecular wei^t of normal sea-level a.ir. Molecular mean free paths 
for the nitrogen molecules and oxygen molecules in the normal air 
mixture have been computed and a wei^ted average for air has been 
taken, as described in appendix D. The average molecular wei^t 
of normal sea-level air is taken as 28.966 in accordance with 
reference I9 , 
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Freasure . - The value for prsssui*e in the British engineering 
system has Veen changed from 407 . 1 or ^t 07 *2 inches of vs.ter at 15° C 
as used in reference 5- wid reference respectively, to U07.15 inches 
of vater at 15° C. This value Of hO?.!*? is the computed value 
corresponding to 7^0 miU.imeters of mercury based on the auxiliary 
constants and conversion factors listed in the last section of 
this appendix E. 


Table of Sea-Level Values 

The values for the various properties of the atmosphere at 
sea level corresponding to the adopted values for probable minlimuii 
and probable maximum toa^eratures are cofisputed from the values 
corresponding to ateindard sea-level temperatures. All three sets 
of values used in both metric and British engineering systems of 
units are tabulated in table I. In some Instances a q'jantlty la 
listed in more than one unit) in either the metric or British 
system. 


Auxiliary Constants and Conversion Factors 

In addition to the atmospheric properties at sea level given In 
table I certain other basic constants and conversion factors are 
used in computing tables II to V. They are 

Auxiliary constants; 

Density of mercury at 0° C, cm/cm^ .......... 

Standard acceleration of gravity, gQ, cm/sec^ ..... 

Density of water at~15° C, gm/ml 

Radius of the earth at. l^5° latitude and. at sea level, m 

Conversion factors: 

1 - lb = 453 *5924 gm 
1 meter = 3 . 2^60833 ft 
°K = °C + 273 ■ 

°F abs =» °F + 459.4 


13.5951 
980 .865 
0.9991286 
6,367,623 


1 ml 


1.000027 
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TABI£ I. — PROPERTIES OP THE A1MOSFBERE AT SEA I^EVEL 




Hstrlo snglDeerlng ayeten 

British englneerlne syatea 

Quantity 

SyiAol 

Unit 

At probable 
te^psretio'e 

At standard 
teBporatere 

At probable 

miTliiniiii 

tsigierature 

thilt 

At probable 

minimi If 

teoperatore 

At standard 
tenperature 

At probable 
tW.TllBTm 
teoperatnre 

Tenperatufe 

*0 

°C 

-W.O 

15J) 

47.0 


-54.5 

59.0 

116.6 

Absolute teapei>atUM 



225.0 

288.0 

320.0 

abs. 

405-0 

518.4 

576.0 



[we Hg at o“o 

• 760 

760 

760 

Injlg at 32“P 

29.9212 

29.9212 

29.9212 

Pressure 

’’o 

< 

10332.3 

10332.3 

10332.3 

In. vator at 15°0 

407 05 

407 J5 

407J.5 



a 

dyneo/oa 

1.01325>«10® 

1.01325x10^ 

1.01325x106 

Ib/ft^ 

2116.23 

2116.23 

2116.23 

Spsolflc vsle^t 


r kg/«3 

1 dynes/oB^ 

1.5606 

1.5383 

1.2255 

1.2018 

1.1030 1 

1.0816 J 

lb/ft3 

0.097928 

0,076506 

0. 068855 

Density 

Po-^a 

“ So 

kg-BOO®/^**' 

0.15995 

0.124966 

0 012^7 

hlugs/ft® 

0.0030437 

0.0023779 

0.0021401 


r kg-eao/b^ 

l.A852xlO”^ 

1.8187XW"® 

1.9751X10 6 ^ 




4.0455x10-'^ 

Ooeffloient of Tlsooslty 


i poise „ 
l( djns-aec/on' ) 

lJ|5£fexlor8 

17835<10"® 

I9369xici"8 J 

Ib-seo/ft® 

3.0420X10-T 

3.7250 x 10“7 

Klnaaatlo viscosity 

u 

n®/sao 

9.2848x10"^ 

14.553X10”® 

17.561 x 10"6 

ft®/seo 

0.9994Joao“^ 

1.5665x10“*^ 

1,8903x10"'^ 


° Pq 

r Vteo 

30Q.79 

340.22 

358.63 


ft/aeo 

986,61 

1116.22 

761.06 

1176 £0 
802.23 

Speed of Boiuid 


< 


672.69 

0 

1 Taa/bp 

1062.6 

1224,8 

1291,1 


knots 

584.16 

660.90 

69^65 


liaan fpoo pat* of 

A 

m 

5.7&IO"® 

7.38 x 10"8 

8.20X10“® 

ft 

0.l89lxlo“6 

0.2421X10“® 

0,2690x10“® 

nUa^oseti nolsoules 

a 








Ilean free path of 

A 

a 

5.75>«10"® 

7.36x10"® 

8.l£bQ0“® 

ft 

0.1887X10"® 

0-241^10"® 

0.268^10"® 

oxygen nolaculee 

0 

1 








Mfian fi*ee path of 

^slr 

SI 

5.76)00"® 

7,37)O0'"® 

8.19X10“® ■ 

ft 

0.1890x00'^ 

0.2419 x 10"^ 

0.2688x10“® 

air nolceules 








Averoge noieoulsr 

M 


26.966 

28.966 

28.966 

= f 

28.966 

28,966 

28.966 

vel^t 

0 









Ratio of speoifio beats 

^0 


1.4 

1.4 

1.4 


1.4 

1.4 

1.4 

Heletlve voluae of 

Pn 



0.2095 ' 

0.2095 

0.2095 

■ 1 

Q.2095 

0.2095 

0.2095 

oXTS^ti 


! 


■ 1 

■ ! 

1 ' i 

' ■ 
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TABLES n AND m 


PROPERTIES OF THE UPPER ATMOSPHERE 
FOR TENTATIVE STANDARD TEMPERATURES 
BASED ON AN ARBITRARY CONSTANT VALUE 
OF GRAVITATIONAL FORCE 


The following set of two tables (tables H and m) constitutes a 
consistent extension of the standard tables for the lower atmosphere 
(NACA Rep. No. 218). Consequently, altitudes in this set of tables 
which correspond to specified ambient-air pressiires may be referred 
to as ^‘tentative pressure altitudes,” and those which correspond to a 
specified ambient -air density may be referred to as “tentative density 
altitudes” (NACA Rep. No. 474). 
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lABLX ‘lI...FROFraTZSS OF ISS UF?ZR AOIOa?HZI3 FOR STSATIVK STARDARD TIKFERJLTOSIS BMSD OK AK ARBIinAST 
CORSTAKT TAIiDB OP (BtATTHATIOXAL foaOS — KTERIO iSBOlllEEKim 8XBQX 
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Table it . — raoPERllES of ras upper ADWSPHERE foe “ISJniATIVE ■aTAHUASD TEMPSHATraES OH AH ARBITRARY 

COHSTAHT TALUS OP CStATTlATIOlttL POEOB — KBTRIC SROIHEERIHO STSTEM — Coaoluded 



^The values for viseoslt7 listed In these coluans aro not applloahle at the higher altitudes ^ere the mean free paths of 

the noleoules are oottnarable to or longer than the dloeostons of the bodj being considered. Purthersore, the values liatad 
are based on the conventional Sutherland formula for nomal atr and, oonse^uentlj, no allovanoe has been Bade for the effect 
of dltBOClated oxygen, tn the atnostjhepc at the higher levels. 
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iptmj nj . — properties of teds DTPER ATHQSPHEHE for TERTATTJE STAEDARD EEHFERAinRES BASED OH AH ARBITRART 
COHSTAHT VAIDE OP CHIAVUATIOHAL FORCE — BSITISE EHSIHEERIIW SISTEX — Ooutlnuail 


320,000 

322,000 

32A,000 

3^,000 

328,000 

328 ;o 83 

330,000 

332,000 

331.000 

336.000 

338.000 

3110.000 

3112.000 
3 *11,000 
3 * 6,000 

3118.000 

350.000 

352.000 

3511.000 

356.000 

358.000 

360.000 

362.000 

3611,000 

366.000 

368.000 

370.000 

372.000 

3711.000 

376.000 

378.000 

380.000 

382.000 

3811.000 

386.000 

388.000 

390.000 

392.000 

393,700 


AOBOluttt 

Altitude, tenpara, Praaaara, 
b tura, b „ 

(ft) T (lb/ft 2 ) 

(Op Aba.) 


*67 
000 
000 
268)000 

270.000 

272.000 
272.309 
27*,000 

276.000 

278.000 

280.000 

282.000 
28*,000 

286.000 

288.000 

290.000 

292.000 
29*,000 

296.000 

298.000 

300.000 

302.000 
30*,000 

306.000 

308.000 

310.000 

312.000 
31*,000 

316.000 

318.000 




m 


Preasure 

ratio. 

P/PO 


3.151x18-5 

2.949 


0.004555 

0.004315 


0.002429 

0.002311 
0 .002199 
0.002092 
0.001992 
0.001S9T 
O.OOlSOb 


0.001564 

0.001492 

0.001423 

0.001350 

0 . 0012 ^ 

0.001237 

0.001190 


Denaltp, 

P 

(aluga/ft3) 



Speolfio 

velghtp 

T - gP 

(lb/ft3) 


(b) For day only 


89.93x10“9 

83.73 

S'.ii 


3.782x10'5 

3.522 

3.210 

?.S ?9 


0.08967 

0.08K6 

0.0799* 

0.0755* 

0.071*2 

0.06753 

0.06^7 

0.060*« 

0.05720 

0.05*16 

0.03130 

0.0*861 

0.0*609 

0.0*369 

0. 0*1*5 

0.03933 

0.03731 

0.03571 


Coefflolent 
ot vlsooBlty, 

(lb aec/ft®) 
( 1 ) 



Speed of 
sound, 

(ft/aeo) 


Mean free 
path of 
Boleoulea, 

(ft) 



^Th. value, fob ob^JSL'aS"^ SS SJ^a^^rS^tS^ b^Slr^fS^ S^S^:drF:rr.bSI“,'?ra ?S£S.°Cl.t.d 

15a “«l“^“th”oS^tl8ml^utberlSid formula for n^l air aBd, eonaequantlT, no allovrjio. ha. bean mad. for the effect 
of dlaaoolated oa^gen in the ^tcwaphere at the higher levela. 
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TABIE HE,— PROPER'PIES OP THE UPPER ATMOSPHERE FOR TEKTA.TIVE STAHDARD TEMPERATURES BASED OK AH ARBITRAH3T 
COKSTAHT VALUE OP QRAVITATIOIIAL FOROB— BRITISH EKQUffiERIITO SHSTEH — Conoluded. 


Altitude, 

h 

(ft) 


Absolute 

tempera^ 

ture, 

(Op abs.) 


Pressurej 

(lb?ftS) 


Presstipe 

ratio, 

p/p. 


Density, 

P 

(slugs/ftB) 


Denalty 

ra.tlo. 

o - I" 


Speelfio 
Velfiht, 
V - SP 
(Ib/ftS) 


Coefficient 
of Tlaooalty 

(Ib-seo/ft^) 

(1) 


Kinematic 

viscosity, 

(ftVseo) 

( 1 ) 


Speed of 
sound, 

a 

(ft/seo) 


Mean free 
peth of 
Doleoxiles, 

(ft) 


(e) For nl^t only 


862, Wt 
26*, 000 
266,000 
268,000 

270.000 

272.000 
272,309 
27*,000 

276.000 

278.000 

280.000 
282,000 
28*,000 
286,000 
288,000 
290,000 

292.000 
29*,000 

296.000 

298.000 

300.000 

302.000 
30*,000 

306.000 
3^,000 

310.000 

312.000 

31*, 000 

316.000 

318.000 

320.000 

322.000 

32*,000 

326.000 

328.000 

330.000 

332.000 

33*,000 

336.000 

338.000 

3 * 0,000 
3*2,000 
3‘t^,000 
3**,' *87 
3*6,000 
3*8,000 

350.000 

352.000 
35*,000 

356.000 

358.000 

360.000 

362.000 

36*,000 

366.000 

368.000 

370.000 

372.000 

37^,000 

376.000 

378.000 

380.000 

382.000 
38*,000 

386.000 

388.000 

390.000 

392.000 
393,700 


*32.0 

*32.0 

*32.0 

*32.0 

*32.0 

*32.0 

*32.0 

*35.* 

**T.* 

*51.* 

*55.* 

*67.* 

*71.* 

*75.* 

K|:i 

*87.* 

*91.* 

*95.* 

*99.* 

503.* 

507.* 

511.5 

515.5 

519.5 

523.5 

527.5 

531.5 

535.5 

539.5 
5*3.5 
5*7.5 

551.5 

555.5 

559.5 

563.5 

567.5 

571.5 

575.5 

576.5 

579.5 

583.5 

587.5 

591.5 

595.5 

599.5 

603.5 

607.5 

611.5 

615.5 

619.6 

623.6 

627.6 

631.6 

635.6 

lil:l 

6*7.6 

651.6 

655.6 

659.6 

663.6 

667.6 

671.6 
675.0 


0.06669 

0.06239 

0.05720 

0.052*6 

0.0*810 

0.0**1D 

0.0*351 

0.0*04* 

0.03712 

0.03*08 

0.0313* 

0.0288* 

0.02656 

0.02*46 

0.02256 

0.02081 

0.01921 

0.0177* 

0.016*0 

0.01517 

0 .dl4o6 
0.01302 
0.01206 
0.01119 
0.01038 
0.0096*2 
0.008958 
0.008327 
0.0077*5 

0.007210 

0.006711 

0.006253 

0,005826 

0.005*37 

0.005073 

0.00*736 

0.00**23 

0.00*133 

0.00386* 

0.003617 

0.00338* 
0.003166 
0.002967 
0.002920 
0.002781 
0.002611 
O .002*53 

0.002305 

0.002169 

0 . 0020*1 

0.00192* 

0.001815 

0.00171* 

0.001618 

0.001531 

0 . 001**9 

0.001373 

0.001302 

0.001235 

0.001172 

0.001113 

0.001058 

0 .001007 
0.0009582 
0.0009127 
0.0008702 
0.0008296 
0.0007917 
000761* 


3.151x10-5 

2.9*8 

2.703 
2. *79 


S:i5l§ 

0 . 1*02 

0.1380 

0.131* 

0;123* 

0.1159 

0.1089 

0.1025 

0.096*6 

0.09090 

O.OS576 
0.08098 
0 .076*8 
0 .07235 
0.068*8 
0.06*88 
0 .06151 
0.05836 
0.05537 
0 .05260 

0.05000 

0.0*757 

0.0*526 

0.0*313 

0 . 0 * 11.2 

0.03920 

0.037*1 

0.03598 


89.93x10-® 

84.13 
77.1* 

3*. 10 




80 . 


*0.80 

37.2* 

33.98 

31.01 
28.3* 
25.92 
23.7* 

21.7* 

^g-®i 

1S.28 

16.80 

13.05 

12.01 
11.07 
10.20 

8.023 

7.410 

6.853 

6.337 

5.871 

5.436 

5.039 
*.673 

*.335 

*.023 

3.738 

3.*7* 

3.227 

3.003 

2.951 

IM 

2.376 

2.199 

2.039 
1,891 
1.756 

1.632 

i:ii? 

1.319 

1.231 

1.1*9 

1.075 

1.006 


8268 

.7761 

0.7288 

0.6851 

0 . 6 *** 

0.606* 


3*782x10-^ 

i:ii? 

2.975 
2.728 
2.501 
2:^7 

2.275 
2.069 
1.884 

1.716 

1.5^ 

1.420 
1.304 

1.192 
1.000 
0.996*^ 
0.9142 
0.8378 
0.7687 

0.5*87 
0.5052 
0.*^* 
0.*290 
0.3957 
O.3S53 

0.337* 

0.3116 
0.2882 
0.2665 
o.2*6g 
0.2286 
0.2119 
0.1965 
0.1823 
0.1692 

0.1572 

0.1*61 
0.1357 
0.1263 
0 , 12*1 
0.1168 
0.1080 


0.09992 

0.092*8 


0.08575 

0.07951 

0.07383 

0.0686* 

0.06388 

0.059*7 

0,055*6 

0,04520 

0.04229 

0.0395T 

0.037W 

0, 

0. 

0,0^65 

0.02881 

0.02710 

0,02550 

0 ,02402 

0.02285 


2,893x10“^ 

2.276 
2.087 

1.7*1 

1.313 
1.198 
1.093 
0.9976 

0.9120 

0.6339 
O.763S 
0.699* 
0.6*10 
0.5881 

0.5*05 
0.*^* 
0.4562 

0.4198 

0.3865 
0.3561 
0.3282 
0.3027 

0,2795 
0.2581 

0.238* 
0.2205 

0,1889 

0.17*9 

0.1621 
0.1503 
0.1395 

0.129* 
0.12Q3 



0 . 0 * 2 * 
0.03? 
o.036,_ 
0.03*58 
0.03235 
0.030 27 
0.02837 



3.212<10“^ 

3.212 

3.212 

3.212 

3.212 

3.212 

3.212 

3.S32 

3.257 

3.282 

3.306 

3.331 

3.355 

3.379 

3.403 
3. *27 
3. *51 
3. .*75 
3. *99 
3.523 

3.5*6 

3.569 

i:|ii 

l-MI 

3.685 
3. 70S 
3,731 

3.75* ' 
3.777 

3.84* 

3.867 

3.889 

3.911 

3.933 

3.955 

3.977 

3.999 

*.021 

*.0*3 

*. 0*8 

*.065 

*.086 

*.108 

*.129 

*.151 

*.172 

*.193 

*, 21 * 

*.236 

tM 

*.299 

*•319 

*.3*0 

*.361 

*.382 

*.*02 

*.*23 

*.**3 

*.* 6 * 

*.* 8 * 

*.50* 

J-525 

*;i^ 


3.572 

3.818 

*.16* 

*.5*1 

1:^1 

5. *75 

7.326 

8.103 

8.9*5 

9.873 

10.90 

12.01 

13.22 

14.5* 

15.9s 

17.57 

19.27 

21.11 

23.13 
25.3* 

27.71 

30,30 

33.08 

36.13 
39. *1 
*2.95 
*6,79 

56. 






60,31 
65.*7 
71.1* 
“ .18 
13.69 
90.73 

13*.6 

159.1 

m:t 

203.6 

220.6 

238.8 

2g.2 

278.9 

301.1 
32*.3 
3*9.2 

375.9 
*03.7 

iSi:? 

499.3 

535.0 

572.5 

612.5 

654.5 
^.9 

746.2 
795.7 

839.5 


1019 

1019 

1019 

1019 

1019 

1019 

1019 

1023 

1028 

1032 

1037 

1042 

1046 

1051 

1055 

1060 

1064 

1069 

1073 

1078 

1082 

1087 

1091 

1096 

1100 

1104 

U09 

1113 

1117 

1122 

1126 

1130 

1134 

11*7 

U51 

1155 

1160 

116* 

1168 

1172 

1176 

1177 
I1S5 
1195 

1205 

1215 

1226 

1236 

12*6 

1256 

1967 


1297 

130S 

1318 

1328 

1339 

13*9 

1359 


1391 

1*01 

1*12 

1*22 

1*31 


f . *0x10-3 

. 8 * 

7.46 

8.13 
8.87 
9.67 
9.80 
10.6 

i*.i 

m 

18.5 
20.3 
22.2 
2*. 2" 

26.5 
28.9 
31.5 

3*. 2 

*4.1 
*7.9 
52.0 
^.* 

61.1 
66.2 
71.7 

55:1 

90.8 
98.0 
106 
11* 

123 

m 

15* 

166 
178 
192 

206 
221 
237 
253 
271 
290 
310 

831 

w 

400 

451 

539 
571 

6b* 

714 
754 

8 ^ 


The values for rlscoeity listed In these columns are not appUopble at the higher pltltudea where the "t,»An free pr.ths of 

the aolectaes are ccapi»rable to or longer thpn the dimensions of the body being oonsldered. Pupthernore, the values listed 
are baeed on the eonventlonel Sutherland fornulfl for norml ^►ip and, consequently, no allowance has been made for the effect 
of dissociated oxygen In the atmosphere at the higher levels. 
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TABLES IV AND V 


PROPERTIES OF THE UPPER ATMOSPHERE 
FOR TENTATIVE STANDAEID TEMPERATURES 

BASED ON AN INVERSE SQUARE VARIATION 
OF GRAVITATIONAL FORCE 


The following set of two tables (tables IV and V ) does not constitute 
a consistent extension of the standard tables for the lower atmosphere 
(NACA Rep. No. 218) but takes into accoimt the inverse square law of 
gravitational attraction and, consequently, the values in these tables 
are more accurate than those in tables H and HI. 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 
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TABia ir.“ PROPERTIES OF TBS TJPPER AMOSi>HHRE FOR aERTATrVS STAHDARD lEMPERATDRES BASED OK AH 
IKVERSS SQ.HARE TARIATZOK OP QRATXTATZOKAL FORCE — MBISIC EMQ IH ERRIHG SESSK - OoQOloded 


Altitude, 

'‘Absolute 

tamperA<- 

Pressure, 

Pressure 

Decslty. 

h 

tUPfr, 



/: ^ ■o\ 

{■) 

T 

(°r) 

p/Pq 



106.000 

107.000 

iod,ooo 

109«000 

110.000 
111,000 
112,000 

113.000 

114.000 

115.000 

116.000 

117.000 

11B,000 

119.000 

120.000 



Sp«olflo 

we^t, 

(k^) 



(b) 7o? dagr onlar 




3970 

3432 


1.568 

1.588 

1.607 

1.627 

1.646 

1.666 

1.685 


(c) For night only 


spoao or path of 
sound, uiieouloB, 

(n/seo) (i) 




^Ths TaluoB for rtsoositr Ustod In thsao oolunns srs not .ppliosble at tho higher altltudee vhere tte mean free paths of 

the noleoulos are ooi®arable to or longer than tho dlmonslone of die bodj being oonsliored. Purttormore, the ™l“ss ^dstod 
are beaod on tho oonrentlonal Sutherland formula for normal air end, ooneequontly, no allovenoo has been made for tho offoot 
ot dlsBoelated oxfgea In the atmosphere et the h igher leTels. 
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TABIS I PROPERTIES OP THE UPPER ATMOSPHERE FOR TEIfTATIVB STAHDARD TEMPERATURES BASED OK AK 
INVERSE SQUARE VARIATION OP SULYITATIOKAL FORCE— BRITISH EHQIHEERIIKJ STSTEH — Oontiniied 


Absolute 

Altitude, tempera- Pressure, 
b ture, B - 

(ft) T (lb/ft«) 

(°7 abu.). 


Pressure 

ratio, 

P/Pn 


Densitr, 

P Q 
(sluss/ft^) 



Speolflo 

vel^t, 

(lb7fti) 



Kinematic 

Speed of 

Kean free 

viscosity. 

path of 


a 

molecules. 


(ft/sec) ' 

(ft) 


afia.WT 

264.000 

266.000 

268.000 

270.000 

272.000 
272,309 
27*,000 

276.000 

278.000 

280.000 

282.00 
28»;00 

286.00 

288.000 

290.000 

292.000 

294.000 

296.000 

298.000 

300.000 

302.000 

304.000 

306.000 

308,000 

310.000 

312.000 

314.000 

316.000 

318.000 

320.000 
322,000 

324.000 
3^,000 

328.000 
328,083 

330.000 

332.000 

334.000 

336.000 

338.000 

340.000 

342.000 

344.000 

346.000 

348.000 

350.000 

352.000 

354.000 

356.000 

358.000 

360.000 

362.000 

364.000 

366.000 

368.000 

370.000 

372.000 

374.000 

376.000 

378.000 

380.000 

382.000 

384.000 

386.000 

388.000 

390.000 

392.000 
393,700 



3.55Jx10*5 

i:p 4 


0.04302 

0.03972 

0.03678 

0.03409 

0.03160 


0 .01794 
0.01679 
0.01573 
0.01475 
O.OI3S3 
0.01299 
0.01221 
0 .01149 
0.01082 
0.01020 

0.009620 
0.009079 
0 .008579 
0.008103 
0 .007663 

0 ,007648 
0.007248 
0:006867 
0 .006505 
0.006167 

0.005843 

0 .005540 
0.005257 
0 .004992 
0.004736 
0.004499 
0.004275 
o . oo 4 o 6 i 
0.003860 
0.003672 
0.003494 

0.003329 

0.003168 

0.003016 

0.002874 

0.002738 

0.002611 

0.002489 

0 .002374 
0.002266 
0.002163 

0.002064 

0.001J71 

0 .0018S4 
0.001800 
0.001721 
0 .001646 
0,001573 
0 .001515 


0.09754 

0.09316 

0.08901 

0.08505 

0.08131 

0.07776 

0.07434 

0.07160 


86.46 
79 .OJ 

60.18 

54.67 

49.72 


4.268x10"5 

l:S 

3.325 

3.042 

2.784 

2.747 

2.531 

2.299 

2.091 


3 . 1859 CKT® 

2.970 

2.268 


0.1110 

0.10*9 

0.09922 

8:8lip 

0.08428 

0.07981 

0.07566 

0.06456 
0.06I28 
0,05819 
0.05527 
0 .05252 
0 .o 4992 

0.04744 

0.04546 


0.1464 

0.1379 

0.1301 

0.1226 

0.1156 

0.1091 

0.1029 

0.09716 

0.09173 

0.08668 

0.08205 

0.07758 

0.07333 

0.06942 

0.06571 

0.06225 

0.05894 

0.05586 

0.05298 

0.05023 

0.04764 

0.04522 

0.04293 

0.04075 

0.03873 

0.03681 

0.03497 

0.03350 


3.212x10 ' 
3.212 
3.212 
3.212 
3.212 
3.212 
3.212 
3.232 



5.53X10'- 

i;?l 

6.97 


^The values for TlBoosltr listed in these ooluums are not applicable at the higher altitudes vhere the mean free paths of 

the molecules are comparable to or longer than the dimensions of the bodj being considered. Furthermore, the values listed 
are based on the conventional Sutherland formula for normal sir and, consequently, no allovance has been made for the effect 
of dissociated oxygen in the atmosphere at the higher levels, 
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TABIZ 3T PROPERTIES OF THE UPPER ATIBJSPHERE POE TETPATTVE STAJinAED TEMPERATURES BASED OR AK 
IHVERSE SQUARE VARIATlOlf OP OHAVITATIOHAl FORCE— BRITISH EWJIIIEERIHO SYSTEM - Conoluasd 


Absolute 
Altitude, teiaperii- 
h ture, 

(■=PaS..) 


262. WT 
26A.000 
266,000 
268,000 
270,000 
272,000 
272,309 
27^^,000 

276.000 

278.000 

280.000 

282.000 

28A,000 

286.000 
288,000 

290.000 

292.000 

294.000 

296.000 

298.000 

300.000 

302.000 

304.000 

306.000 

308.000 

310.000 

312.000 

314.000 

316.000 

318.000 

320.000 

322.000 

324.000 

326.000 

328.000 

330.000 

332,080 

334.000 

336.000 

338.000 

340.000 

342.000 

344.000 
344 487 

346.000 

348.000 

350.000 

352.000 

351.000 

356.000 

358.000 

360.000 

362.000 

364.000 

366.000 

368.000 

370.000 

372.000 

374.000 

376.000 

378.000 

380.000 

382.000 

384.000 

386.000 

388.000 

390.000 

392.000 
393,700 


Pressure, 

(lb,^t2) 


0 ,07051 

0.06480 
0.05«5 
0 .05473 
0.05032 

0.04965 

0.04622 

0.04252 

0.03913 

0.03604 
0.03320 
0.03066 
0.02832 
0 .02618 
0.02423 

0. 02239 
0.02072 
0 ^01919 
0.01780 

0 .01653 
0.01534 

0.01424 

0.01324 

0.01231 

0.01146 

0 .01067 
0.009940 
0 .009265 

0.0W43 

0,008061 
0 ,007527 

0 .007028 

0 .006571 

0 .006146 ' 

0 .005750 
0,005379 ' 
0.005039 

0 .004721 
0 004427 

0 .004152 

0.003892 

0,003$5 
0,003602 
0.003433 
0 .003231 

0.003041 

0.002863 

0.002700 

0.002546 

0.002404 

0,002273 
0 .002150 
0.002035 

0.001928 
0.001828 
0 .001736 
0 .001649 
0.00156T 

0.001489 
0 ,001417 

0 .001350 
0 ,001286 
0 .001227 
0 .001170 
0.001118 
0.001068 
0.001020 
0.0009830 


Pressure 

ratio, 

P/Pn 


3.557XJC‘5 


0.107*t 
0.1016 
0 .0961A 
0 .ogiii 
0 .08639 
0 .08201 
0.07790 
0 .07W5 


0 .06379 
0 .06079 

0.05797 

0 .05531 
0 .05282 
0.050A5 

0.04823 

0.04645 


Density, 

(sluss/ft^) 



(o) Per nl^t mly 


101.5X10" 

80.30 

8| 

61.83 


0.1149 

0.1067 

O.099I0 

0.09227 

0.08597 
0.08015 
0.07476 
0.06964 
0 .06529 
0.06m 
0.05724 
0.05366 


0.04436 

0.04170 

0.03924 

0.03694 

0.03481 

0.03282 

0.03097 

0.02950 


Speeifl' 
velght 
V -^P 

(lb/ft3) 


II 


Ooefflolent 
of rlsooslty 

(lb,-8eo/ft‘=) 

Cl) 


4.26axl0"5 

tm 

3.3TT 

IMl 

2.815 

2.600 

2.370 

2.162 


3.l85xlff® 

2.983 

2.741 


0.1068 
0.09896 
0.09169 
0.08502 
0 .07893 
0.07334 
0.06923 

0 .06356 
0 .05925 
0.05525 

0.05161 
0 .04824 
0.04514 
0.04227 
0.03962 
0.03716 
0.03485 

0.03274 

0.03077 

0.02895 

0.02725 

0.02^7 

0.02420 

0.02282 

0.02173 



3.2isa(rT 

3.212 

3.212 

3.212 
3.212 
3.212 
3.212 

3.232 


Speed of 
sound, 

a 

(ft/sec) 


Kean free 
path of 
Boleoules, 
A 

(ft) 


value, for visoosity U.t«d In the., oolurm. are not appllortle at the higher eltltude. vhere the f^e 

of dle.ool.ted oxygon In the ataosphere et the higher levels. 
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TABLE VI.- lATITOTE CMRECTIOH FACTORS FOR TAUJBS OP PHESaOHE IN TAHU13 IV AIH) V 


Latitude, deg 











Altitude, b" 


0 

10 

20 

30 

4 o 

. 50 

60 

70 

80 

90 

(km) 












(a) For both dap and 

20 

llk^l 

196,850 

229,658 

262,467 

1.0078 

1.0120 

1,01^ 

1.0187 

1.0213 

1.0242 

1.0278 

1.0073 

1.0112 

1.0148 

1.0176 

1.0200 

1.0227 

1.0260 

1.0060 

1.0092 

1.0121 

1,0144 

1.0164 

1.0186 

1.0219 

1,0039 

1.0060 

1.0080 

1.0094 

1,0108 

1.0192 

1.0140 

1.0014 

1.0022 

1.0029 

1.0034 

1.0039 

1.0044 

1.0051 

0.9988 

.9961 

.9975 

.'9962 

.9957 

0.9963 

.9943 

.9925 

.9911 

■gell 

.9869 

0.^3 

.9824 

.979B 

O’. 9929 
.9892 
.9858 
.9832 
.9808 

.9783 

.9752 

.984! 

.9796 

.9769 

.9736 

(b) For day only 

80 

90 

100 

no 

120 

262,467 

29§»275 

360,892 

393,700 

1.0278 

1.0312 

1.0340 

1.0364 

1.0385 

1.0260 

1.0293 

1.0319 

1.0342 

1.0361 

1.0212 

1.0239 

1.0261 

1.0279 

1.0295 

1,0140 

1,0157 

1.0171 

1.0183 

1.0193 

1.0051 

1.0057 

1.0062 

1.0066 

1.0070 

0.9957 

.9952 

.9947 

.9944 

.9940 

0.9869 

• 9§§3 

.9840 

,9830 

.9820 

0.9790 

.9774 

.9754 

.9738 

.9723 

0.9752 

.9698 

0.9736 

.9704 

.9679 

( 0 ) For nl^t only 

80 

90 

loo 

110 

ISO 

269,467 

li;^3 

360,892 

393,700 



1.0278 

1.0314 

1.0346 

1.0374 

1.0397 

1.0260 

1.0295 

1.0325 

1.0352 

1.0373 

1.0212 

1.0241 

1 . 0^5 

1.0287 

1.0304 

1.0140 

1.015B 

1.0174 

1.0108 

1.0199 

1.0051 

1.0057 

1.0063 

1,0068 

1.0072 

0.9957 

.9942 

.9938 

0.9869 

.9838 

.9825 

.9815 

0.9798 

.9772 

.9750 

.9730 

.9714 

0,9752 

.9721 

-Ml 

-9649 

0.9736 

.9703 

Ml 

.9627 
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Figure 1.- Variation of ambient temperature with altitude. 



Fig. 2 NAG A TN No. 1200 







(a) Ratio of opeclflo beats, y. Pressure, p. 


Figure 5. Variation with altitude of the physical properties of the tentative 
standard ataosphsre. 
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Fig. 3a, b 






Alt 



fc) Density, p, 

Pipiire 5.- Continued. national advisory 
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1-4 k 



log w, kg/jn5 
(d) Specific weight, w. 
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Altitude 



A1 tl tude 



a, ffl/sBc 

(g) Speed of sound, a. 
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Figure 3 .- Concluded. COHNnTEE m aemimotics. 
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log Xf at 


(ii) MeHij free path of molectdes, X, 


•f 


NACA TN No. 1200 



